A brief historical survey is given of the methods and instruments used in measuring the reflection factor of surfaces. The theory of the infinite luminous plane is discussed at some length in connection with the Nutting absolute reflectometer, which is based on this theory. Recent suggestions of the use of the Ulbricht sphere are noted and several new ways of using it are described. A reflectometer based on one of the latter ways is described in detail. This consists in a combination of the sphere with the Martens polarization photometer. The surface whose reflection factor is sought is laid over an aperture in the sphere. The brightness of it is compared with the brightness of the sphere wall. By screening the test surface from the first reflected light this comparison gives directly the unknown reflection factor. The theory of this use of the sphere is given in full. The reflection factor of a block of magnesium carbonate is shown to be 98.7 per cent by means of this instrument.
1. INTRODUCTION The purpose of this article is to present a general survey of the theory of the methods of measurement of the reflection factor of substances, and to describe in detail some new pieces of apparatus for the measurement of this quantity and for the measurement of the transmission factor. ' The apparatus described in greatest detail is a reflectometer consisting of a photometric sphere and the Martens polarization photometer. The novelty in this suggestion lies not in the use of this particular photometer in the study of the transmission and reflection by bodies nor in the use of the sphere in this connection, but in the use of the sphere in a way that is in accord with the simple theory of the sphere, and that, in conjunction with a photometer, such as the Martens, allows an absolute determination of either the transmission or reflection factor in one observation.
HISTORICAL
The measiu-ement of reflection factors for surfaces that reflect more or less diffusely has received considerable attention. Thaler ' made a thorough test of the behavior of a few substances in this respect.
Although he was not interested in the total diffuse reflection factors, his data ' for a surface smoked with magnesium oxide determine values between 0.89 and 0.90. Sumpner* made use of the increased brightness of the walls resulting when a lamp was introduced within an inclosure, to study reflection and transmission by substances. Rosa and Taylor^used the same phenomenon with the sphere to obtain the reflection factor of their sphere paint. The method depends upon the comparison of illumination at a particular point from a given source when the direct flux only is considered and when this flux is altered by inclosing the source. Since the inclosure affects the flux in all directions from the source, the direct flux, with which comparison is made, must be the average direct flux from the source. Because this reflectometer bears some semblance to that described in this article, some parts of the underlying theory are given below. The sources of error that exist in the Nutting reflectometer will not be dwelt on here The degree to which the light is diffused depends in this case and in method (3) above, not upon the specimen as in methods (i) and (2) above, but upon the sphere wall. In the actual case there is an infinite number of concentric zones which contribute to the illumination at P and the resultant effect at P may be represented by a summation of such integrals as that given above for the annular zone ss due to the first order of reflection.
The effect of the nth order of reflection may be written after noting that the position and boundary of the nth image are determined by its radii, which are a(2n-i) and a(2n + i). The reflection factor of any specimen is given in terms of that of the sphere wall. To make it possible to obtain the reflection factor of the specimen absolutely, certain conditions must be imposed upon the manner in which the specimen is illuminated. If all of the flux illuminating the specimen is reduced by a factor p, the brightness of the specimen will also be reduced in the same proportion.
Then fe^becomes fe'i =p &x =Pj: 6b.
A^' x and -r-= Px.
• All of these theoretical conditions can be attained to a satisfactory degree in practice. This is the idea underlying several uses of the sphere in reflectometry listed above and in particular the reflectometer^* depicted in Fig. 3. 6. DESCRIPTION OF THE PRESENT REFLECTOMETER The reflectometer sketched in Fig. 3 Soc, 4, p. 9; 1920. " F. A. Benford, "An absolute method for determining coefficients of diffuse reflection," Gen. Elec. Rev., 23, p. 72; 1920. In the reflectometer shown in Fig. 3 For this purpose the Koenig-Martens spectrophotometer is admirably adapted. In this connection, too, the use of the sphere, in ways described above, would make for definiteness and standardization, and afford absolute methods.
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